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An extendedaperim.mim?study huabeznnude in regard
tO the tWiO’U8 tl@k%%%8 ~7t tb l@@7L Of c?71@?l.t3C~@8

m related to the propeUer+aC& unit m a whok, under
condiiiom wrresponding to take-q$, climb, and normal
jlight. The te8t8were ail conducteddjull scale in tlwW-
foot wind tunnel. Thi8 report presmts th8 rtxulte of a
novel type of engine cowling, characterizedby thefad thd
theexit opening dtichargingthe cooling air i3 not, a.8usuu.1,
kwu.tedbehind th$ engiw but at theforemo8t edremiiy or
nose of the cowling. Thi8 type of cowling ti inlwre-ntly
capalh of prodwing two to three tim~ the prewure head
obtainable &h tlu normal type of cowling becau8e the
e& opening ti Lx&d in a jield of c0n8Merab14.negatwe
premure. Thu8 identica-! conditiom of cooling can be

eral, the ej$ciency h found to be high, owing to the fact
that hig?wr oelocitti may be wed in the twit opening.
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INTRODUCTION

It has been shown in the report on conventional cowl-
ings (reference 1) that the rtvailablepressurehead across
the engine is very nearly equal to 1 g and that only in
very 6xtreme cases, as by the use of skirt flaps, may this

38c4~211

value be exceeded by about 20 percent. The pressure-
distribution tests reported in the same reference show
that a negative pressure of several times the velocity
head is available near the nose of the cowling. (See fig.
1.) Since cases may be expected to occur in which a
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large pressure drop is desired, n special type of cowling
was designed to have the exit opening at or very near
the front portion of the cowling in order to make use of
this available pressure drop. At fit thought, this

.mrangement might be expected to be inefficient as a
fairly lmge disturbance in the entire boundary layer is
normally expected. Peculiarly enough the contrary
seemed to be the case, the very fit design showing a
very high eficiency. The air enters the cowling in the
central front opening in the usual manner, passes
through the engine baflk, and is then returned across

FIQUEE3.—TheH Wtalfatfonfn theKLfmtwfndtunnel.

the top of the cylindem, tided into the nose ring, and
discharged through tho slot.

DESCRIPTION OF TEST ARRANGEMENT

Figure 2 gives a general idea of the test arrangement;
the engine resistance was replaced by a perforated plate
just bebind the nose ring, as shown in the lower half of
the figure. This plate contained several hundred
l-inch hoks, any number of which could be closed as
&sired, thus representing engines of a wide varie~ of
conductivities. Figge 3 is a photograph of the instal-
lation with the original nose, which is designated 1~,
the tit numeral giving the number of the nose and the
second numeral giving the exit opening in inches, aa
some of these noses were tested with two sizes of exit
opening. Figure 4 (a) is a photograph of nose 10+4;
figures 4 (b) and 4 (c) show two more designs, 11–1 and
12-1, tested successively. A total of ntie cowlings of

(a)NM 10-)4.

(b) Nose 11-1.

(c) Nasa M-l. .

Fmum 4.-Photqropbs of nosa tested.
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this type were tested, all of which are shown with the tests were conducted in connection with these tests
proper designations in the scale drawing (fig. 5). AU as the requisite information was a,vaihzble from
the cowling- nose rings were given the same major di- I reference 1.
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mensions; all were fitted to the same perforated disk
comprising the test resistance. The conductivity of
this perforated disk could be changed at will between
the limits of O to 0.09, thus simulating the complete
range of actual installations. No heat-transmission

The tests were performed at both high and low air
speeds, the low speeds for the purpose of obtaining the
cooling from the propeller slipstrewn alone. The tests
were conducted M usual, with the propeller both on and
off for the sake of completeness.
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DEFINITION OF PARAMETERS USED

The various terms used in the paper will be defined
and briefly discussed. These terms are taken horn the
report on conventional cowlings (reference 1).

(1) Pump efficiency, defined as

‘lp=&v

where Q is the quanti@ of air per second which is forced
through the resistance.

Ap, the associated pressure drop across the same
resistance.

D, the observed drag of the cowling-nacelle unit.
DO,the drag of a body of identical major dimens-

ions but with the cooling channels closed
and the outline faired into a streamline
contour.

V, the ti speed.
It may thus be seen that QAp is the useful work done

per second and that (D-DO)V is the work expended.
It will be realized from the following that the pump
efficien~ is a veqy precise measure of the aerodynamic
quality of the desigg. For the case of the power run,
or the propeller on, the pump e5ciency is given by the
formula

where the quantities K, 1’, P., S, To,and ~ will be de-
fined under the next headings.

(2) Conductivity, defined as

where F is the mtium cross-sectional area of the
nacelle. This quantity gives the inverse of the resist-
rmceof the engine to the airflow and is nondimensional

The apparent conductivity of the esit opening may
similarly be represented by a value K1 which is simply
the ratio of the area of the exit opening to that of the
maximum cross section of the nacelle, or

~,=+

It has been shown in reference 1 that the folIowing
relation existsin regard to the flow through the cowling:

:=(9’[+++1
where AP is equal to the total head of the air entering
the coding minus the static pressure in the region of
the exit opening. The former pressure is always
found to be very nearly equal to the totsd head of the
ah stream. This equation will be referred ta as “the
equation of flow regdation.”

(3) Propeller
defined as

where P is the

load factor or disk-loading coefficient,

P.=-
qsv

power supplied to the propeller shaft,
and S’ is the disk area of the propeller. - T& quantity
is in the first order proportional to the contraction of
the propeller slipstream (reference 1). Equal values
of POthus essentially represent geometrically identical
flow pictures. In the analysis of the results obtained
for various propdlers a certain simplicity is achieved
in comparing such results at a tied value of Pe.

(4) Net efficiency, defined aa

Bv~*=7

inthe case of the power runs, where R is”the thrustof
the unit as given by the thrust scale. The net eficiency
obtained with the cooling air shut off and the outline
faired into a carefully streamline contour is needed
to determine the pump efficiency for the case of pro-
peller on and is designated ~.

(5) In reference 2 the quantity Ap/n2”was chosen as
a characteristic function to represent the cooling prop-
erties of any particular combination of engine cowling
and propeller at the condition of zero air speed, repre-
senting the case of coo~~ airplane engirm on the
ground. The square root of the foregoing quantity, or
G/n, obtained from experimental data, is given m a
function of the advance-diameter ratio V/nD. It is
realized that the propeller at zero air speed acts very
much the same as any other blower in regard to the
pressureproduced for cooling. The quantity Ap/n2 or
&ln is therefore very nearly a constmt for a given
propeller at a given blach+angle setting and is inde-
pendent of the revolution speed of the propeller. It is
referred to in the following discussion as the ‘ipressure
constant.” Tho speed of the propeller may be con-
sideredlmown from the results of a previous investiga-
tion (refmence 3).

TEST RESULTS

The test results are shown in condensed form in
table I. Column 1 gives the designation of the cowling
nose corresponding to those given in iigure 6. Column
2 shows the propeller used, the zero standing for pro-
pelleroff and the B=and C, for the purpose of the present
paper, representing two normal 10-foot propellers
(reference 3). The main difference between B= and 0
k that B= has a well-shaped airfoil section extending
iown close to the hub, whereas C has a round shank.
Uolumn 3 shows the apparent conductivi~ of the exit
)pening. CoInmn 4 is the conductivity of the test
resistanceor “engine.” Columns 5, 6, and 7 ahow the
pressures(in terms of g) with respect to the tit re&t-
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ante. Column 5 gives valuea of pf, the pressures in
front of, and column 6 gives values of p,, the pressures
in the rear of the resistance; column 7 gives values of
Ap, the pressure difference acrom the resistance. Col-
umn 8 gives the drag in usurd Ccmffioient form CD.

Column 9 is given, for convenience, to illustrate the
approximate forces involved by giving the drag at 100
miles per hour or, more exactly, at a q of 25.6 pounds
per square foot for the drag run; i. e., the forward net

120

%
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Q
$80

s
u 60
ii,.
+
~ 40
Q

s 20

‘$

o .01 .02 .03 .04 ~.05 .06 .07 .08 .09

l?touuE6.-DeMndenoyof pumpemdencyonmndnctirily.

thrust at tho same tunnel speed and at a fixed disk
loading for the propeller runs. Column 10 gives the
net efficiency nnfor the propeller runs, and column 11
the pump efficiency n. as detied in the preceding
section.

In figure 6 the pump efficiency has been plotted
against the conductivity for various noses. It vms
the very successful result on the original nose 1O-M
that prompted the study of several other designs, which
were later tested. Noses 10, 12, and .16 all tend to
reach n 100-porccnt efficiency at conductivities beyond
0.07 and 0.08. Nose 10 actually exceeds 100-percent
pump efficiency even at the low conductivity 0.03.

The reason for the relatively large efficiency obtained
with this type of cowling lies in the fact that the ve-
locities in the exit opening more nearly equal those of
the external air stream. The beneficial effect of large
exit velocities on the pump efficiency has bwm conclu-
sively demonstrrked in reference 1. The reason for
the larger exit velocities is due to the fact that rtmuch
linger pressure difference is available and that part of
this dMerence may be used in the exit opening, leaving
at least the usual pressure drop for cooling.

The noses showing a very low ticiency in figure 6
were designed primarily with the intention of obtain-
ing .a large available pressure drop at zero air speed.
On the whole, the design was found to be critical, a
minor change in the external contour snflicing to drop
the efficiency from near 100 percent to a small quantiw.
It was found that a project@g edge at the slot, such as
embodied in cowlings 12, 13, or 14 in figure 5, was very
detrimental to the efficiency. It was also noted that
the highest efficiency was obtained by locating the

mtlet in & converging-flow field, as for nose 10, in
xmtrast to the low efficiency obtaining by locating the
mtlet back of the maximum velocity, as for nose 11.

As is evident hm the introduction, the main reason
[or designing and testing the new nose-slot cowling is
the large pressure available for cooling. Rgure 7 is a
plot of the results in table I giving the available pres-
wre wgaiust the engine conductivity, K. It is seen
that the available pressure dMerence created by this
type of cowling lies in the region of 2 q and in a few
cases even exceeds 2.5 q. The decrease in available
pressure with increased conductivi~ is caused by the
fairly small size of the apparent exit conductivities.
It may be observod horn the equation of flow regula-
tion previously given that a small value of Kq means
that a large part of the pressure difference created by
the cowling is used to produce velocity head in the exit
opening and the remaining pressure Ap available for
cooling is correspondingly reduced. If the pressure
available for cool@ Ap is added to the velocity head in
the slot, it is found that the total, which is AP, is of a
nearly constant magnitude for any given cowling.

The wilucs Kz have been inserted for the various noses
shown in figure 7. It has been shown in reference 1
that K=o.05 may be considered as the normal value
of the conductivity of a well-baflled single-row radial
engine. The average available pressure of the nose
cowling at this conductivity is seen to approximate 1 q
and to reach a maximum of about 1X g with nose 16-1.
A comparison of the available pressure drops and effi-
ciencies at any desired conductivity with those obtained

2.

2.

2.

Api”

7,

0 .0/ D2 .03 m ~fls .06 .07 .08 .09

F1a~E 7.–Ave&ble prm!umdlffemnmsa- the enginePlotled_
mndncfIvity.

on the regular cowlings (reference 1) shows that the
nose-slot cowlings for most conditions are superior;
hence, at an available pressure drop across the engine
of about 1 g, the efficiencies on some of the nose-slot
cowlings approach 100 percent, while in the normal
type they were of the order of 60 to 80 percent.

No attempt was made during the present investiga-
tion to test nose-slot cowlings with large exit conduc-
tivities. Such cowlings should provide a larger pres-
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sure drop for cooling, probably at some expense of
pump efficiency. Site the largeat pressure drop is

I

m I

1~”-- /f&’.—— I
FIGURE9.–Orlginel cmvllng ImtaUatfon on the Cart& BFG1 alrplem

needed only at low speed, the matter of some efficiency
10s9is not important. It is perfectly possible to provide
means for changing the exit opening during flights.

\

I

it zero air speed are given in figure 8 for noses 10, 11,
12, 13, 14, and 16. These results will be more fully
mdersi%od by a study of reference 2, which shows the
messureconstmt at zero air speed for various normal
md special arrangements. Nosea 10, 12, and 16 are
Ieento give very low pressure constants at the ground
)oint. Nose 11 compares favorably with the best
wults preciously obtained on normal cowlings. Noses
.3 and 14 also give large available pressures on the
pound. It is noticedjin general, that the noses giving
@h available pressures on the ground are not efficient
n the flight condition, and vice versa.

?RELIi%flNARY FLIGHT TESTS OF THE NEW TYPE
N. A. C. A. COWLING ON BFC-1 AIRPLANE

b order that the practical value of the information
m the new type of cowling might be demonstrated,

1’ –1,..

FIGURE11,-Tbe OnrtM BFC-I fdrphna wnlpwd with the Imsdot m~b.

the following flight tests were made with a preliminary
cowling installation on the Curtiss BFC-1 airplane.

The Curtiss Bl?C-1 airplane (fig. 9) has a Wright
SGR-151O twin-row, 14-cylindar, geared engine, com-
pletely equipped with prsssure baffles rmd a wide-chord
ring coding (fig. 10). A selective thermocouple in-
stallation allowed the determination of temperature for
28 positions on the heads and bases of the 14 cylinders.
In this condition a level flight wtw made for reference
purposes at mtiurn allowable continuous power for
a suiiicient length of time to allow all temperatures
to stabilize. Complete data identifying the flight were
recorded.

The new N. A. C. A. nose-slot cowling was then
installed as shown in figure 11. This photograph does
not show the external oil cooler, as in figure 1, as it
had been removed just before the picture was taken.
The installation used nose 16-1 (fig. 5) and was arr~ged
aa shown in the upper part of figure 2, except for the
fact that the internal dividing wall was located between
the heads and the cylinder barrel and below the spark

FIQUEE10.—CIe?e.npof the original cowhg on the OurUasBFO-1 airplane
plugs. The w-all extended back to the second row.
The flow is approximately M indicated by arrows in

The e.sperimental results @ regard to the pressure ] the upper paI-t of iigure 2. Close-up photographs of
d~p available for cooling with the propeller slipstream Ithe design are shown in figure 12..
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bother change consisted in reversing the pressure
baffl~ on the cylinder heads to suit the reversed flow
direction; the baflles on the barrel were redesigned to
fit the new installation. Three thermocouples on
front cylinders were moved from the rear to the front
spark-plug bosses. It should be noted tiat the loca-
tion of the exhaust manifold (see fig. 10) could not be

flight reproduc~o the conditions of the one with the
original cowling was made. From this flight the follow-
ing comparison was obtained.

At the same density altitude and with the same power
but with a free-air temperature lower by 13° C.j the
indicated air speed was, within the accuracy of meas-
urement, the same. The oil, both in and out, was 6° C.

q
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., 1’ .- ,—-—. - - ...,

.—— -—— ,..— 1

Fmmm 12-Clmps of the ncca-sfetmwffng hstdlwl on a Cortfs BFC-1 akplnne.

changed for these testi and that therefore it was
entirely enclosed within the new cowling.

The operation on the ground of the engine with the
new nose-slot coding indicated the absence of exce+
sive heating, which would have prevented flight wts.
There was some evidence of unusual local heating,
mainly of the rubber connections on the intake mani-
fold. It is appreciated that the completely new
arrangement might cause some chinge in local heating
of pnrts not designed for the type of air flow provided
by this cowling. No evidence of overheating ap-
peared. After a cautious take-ofi and climb, a level

cooler; the cylinder bases consistently averaged 30° U.
cooler; the heads, 35° C. hotter, there being little
diilerence between the front and rear plugs; rmcl the
magneto, 30° C. cooler. No diiliculties were experi-
enced. The handling characteristics of the airplane,
the visibdity, the lo~ cockpit heating, and the e&ine~
operating conditions appeared unchanged. Another
flight verified the results.

An inspection immediately after the engine was
stopped on the ground revealed nothing amiss; the
mgine accwsory or auxiliary compartment and the
cowling aft of the cylinders was exceptionally cool. It

.
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was interesting to observe that, M expected, the nose
of the cowling was the hottest point.

In view of the fact that the air used to cool the
heads contains also the accumulated heat obtained from
the exhaust manifold, the results obtained indicate very
promising possibilities for considerably improved cool-
ing when the balling and manifold locations are de-
signed specifically for this type cowling. Possible
speed gains me also indicated when the external cowl-
ing lines may be incorporated in a new design rather
than adapted to an already existing afterbody shape.

GENERALCONCLUSIONS

1. It has been found that the new type nose-slot
cowling produces pressure differences of 2 to 2.5 times
the velocity head of the airstream,ascompared with 1ve-
locity head for the normal cowling. This fact is impor-
tant as regards cooling in climb and at low- air speeds.

2. A welldesigned nose-slot cowling shows pump effi-
ciencies close to 100 percent, owing to the fact that a
smaller fraction of the total available pressure head is
needed in the resistanm, thus leaving a larger velocity
head in the exit opening and reducing the impact or
mising losses that take place as the low-energy cooling
air re-enters the main air stream.

3. Nose-slot cowlings designed for high efficiency at
normal speed were found to be slightly inferior to normal
cowlings in regard to cool@ in the propeller slipstream.
A specially designed nose-slot cowling for improving the
cooling on theground wasfound to beindlicien$atnormal-
flightspeedsincompmisonwithnormalcowlings. A two-
slot design, in which one slot maybe closed at will, may
therefore be recommended for casesinwhichgood cooling
from the propeller slipstream is particularly important.

4. The nose-slot cowling is critical in regard to design.
It has been found that the exit opening should be
located so as to permit the low-energy air to join the
main air stream in a convergent-flow field, that is, ahead
of the point of mtium vdocity. High efficiency is OIE
tained only by exercising great care in the detail design.

5, Preliminary flight tests gave promising results.

LANGLEY MEIJORLAL AERONAUTICAL LABORATORY,

NATIONAL ADVISORY CoamirrrE E FOB AERONA~CS,

LANGLEY l?IELD, VA., June 6, 1936.
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